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(54) Title: METHOD FOR REPRESENTING AND OPTIMISING A DOUBLE-PROGRESSIVE SPECTACLE LENS

(54) Bezeichnung: VERFATIREN ZUR DARSTELLING TIND OPTIMTERUNG FINES DOPPELPROGRESSTVEN BRIIT.EN-
GLASES

(57) Abstract: The invention rclates to a method for representing and optimising a double-progressive spectacle Iens. Said method
is characterised by the following steps: a suitable co-ordinates system K2 is selected for representing the rear surface; a suitable grid
G is sclected for representing the spline of the rear surface of a starting lens to be optimised in K2; the sagirttal data of the rear surface
(rear surface splinc) is applicd to a spling; the position of the centre of rotation of the cye is defined; the main beams from the centre
of rotation of the eye through the starting lens to the grid points of  are examined; the length of the distance between the piercing
points of the main beam examined, through the front surfaces and the rear surfaces (diagonal thickness) is calculated; the data of
the diagonal thickness is applicd to a spline (thickness splinc); a sct of cvaluation points is selected, by which means the optical
quality is calculated for the target function; certain optical and gecmetric standards which ideally correspond to the evaluation points
are suitably selected; the target function is defined as a deviation from the quality of current spectacle lenses in terms of said ideal
values; the optimisation is initiated; at cach optimisation step, the optical propertics in the position of use at the cvaluation points are
evalnated by means of the surface properties to be calculated and current main beam data; the optimisation is completed when the
target function is below a certain value, or at the end of a pre-definable maximum number of optimisation steps.

) D0 OO0 0 0

2 (57) Zusammenfassung: Beschricben wird ein Verfahren zur Darstellung und Optimierrung cines deppelprogressiven Brillengla-
ses, gekennzeichnet durch folgende Schritte: Wahl eines geeigneten Koordinatensystems K2 fiir die Darstellung der Riickiliche;
\& Wahl cines gecigneten Gitters G fiir die Darstellung des Splines der Riickfliche cines zu optimicrenden Ausgangsglascs im K2;
@\ Belegung cines Splines mit den Pfeilhdhendaten der Riickflache (Riickflichenspline); Definition der Position des Augendrehpunk-
tes; Durchrechnung der Hauptstrahlen vom Augendrehpunkt durch das Ausgangsglas an den Gitterpunkten von G; Berechnung der
Liange der Strecke zwischen den Durchstosspunkten des gerade berechneten Hauptstrahls durch Vorder- und Riickfldche (schrdgen
Dicke); Belegnng cines Splines mit den Daren der schrigen Dicke (Dickenspline); Wahl cincs Satzes von Bewertungsstellen, an
>~ denen dic optische Qualitét fiir dic Ziclfunktion berechnet wird; gecignete Wahl von gewissen optischen und geometrischen Vorga-
ben, dic an den Bewertungsstellen idealerweise erreicht werden sollen; Definition der Ziclfunktion als Abweichung der Qualitét des
aktucllen Brillenglases van diesen idealen Werten; Start der Optimierung; Auswertung in jedem Optimicrangsschritt der aptischen
Tigenschaften in Gebrauchsstellung an den Bewertungsstellen mittels der zu berechnenden Ilachencigenschaften und der aktucllen
Hauptstrahldaten; Beenden der Optimicrung, wenn die Ziclfunktion cinen bestimmten Wert unterschritten hat, oder nach ciner vor-
gebbaren maximalen Zahl von Optimicrungsschritten.
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Method for Representing and Optimizing a Double-Progressive Spectacle Lens

Technical Field

The invention relates to a method for fabricating a double-progressive spectacle
lens, which particularly comprises a representation and optimization of both sur-

faces of this spectacle lens.

Within the scope of the present application a double-progressive spectacle lens is
understood to be a spectacle lens in which a front surface and also an eye-side
surface contribute to an increase of power from a distance portion to a near por-

tion.

State of the Art

Progressive spectacle lenses have been known for a long time. On most of the
progressive spectacle lenses known from the patent literature merely one surface
is progressive; this means that merely one surface contributes to an increase of

the power from the distance portion to the near portion.

For spectacle lenses in which merely one surface contributes to the increase of
power from the distance portion to the near portion it is known to compute and
fabricate in advance a particular “series” of progressive “base curves”, the second
{non-progressive) surface being left still unfinished. Designated as a base curve
is a surface having a particular value of surface power at the distance reference
point (according to 1SO), and a (surface) addition power which differs according to
specification. (The (surface) addition power according to 1ISO Standard is the dif-
ference between the surface power at the distance reference point and that at the

near reference point.)
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Spectacle lenses which are finished on one side and as a rule are uncut and
round, are also designated as blanks. On these, the progressive surface is fre-

quently the front surface.

The power at the so-called “distance reference point”, és stipulated by a prescrip-
tion, is then achieved by means of a suitably shaped second surface, i.e. by a
suitable choice of an eye-side surface in the case of a progressive front surface.
The second surface then also provides any astigmatic power which may have
been prescribed. Because in every case the second surface provides the power
stipulated by the prescription, the second surface is also described as the pre-

scription surface.

For this, it is also known to compute individually the prescription surface for indi-
vidual conditions of use, such as for example the interpupillary distance, panto-
scopic angle, vertex distance, etc., taking into account the so-called (general) pre-
scription (power at the distance reference point, astigmatism and orientation of the
axis of astigmatism, and also the addition power). It is pointed out expressly that
the above listing of individual conditions of use is not exhaustive. Moreover, at-

tention is drawn to the general literature.

Furthermore, it is known to start out from a spectacle lens that is finished on one
side to have a (finished) spherical, aspherical, toroidal or atoroidal surface — which
as a rule is the front surface — and to compute the progressive surface taking into
account the individual wearing conditions as well as the spectacles prescription.
The progressive surface which then “provides” not only the increase of power but
also the so-called prescription values, is then as a rule the eye-side surface.

Furthermoare, in the patent literature it was already proposed a long time ago that
spectacle lenses be provided with two progressive surfaces, i.e. with two surfaces
which contribute to an increase of power from the distance reference point to the

near reference point.
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On the one hand, the use of spectacle lenses having two progressive surfaces
has the advantage that the power increase between the distance reference point
and the near reference point, i.e. the addition power, is apportioned onto two pro-
gressive surfaces. Because the aberrations and, in particular, the maximum value
of surface astigmatism present on each one of the surfaces increase more than
linearly with the addition power of the surface, a progressive spectacle lens hav-
ing two progressive surfaces will for this reason already produce smaller image
defects than a progressive spectacle lens having only one progressive surface
and the same “total addition power”.

In addition, it is possible to “position” the maxima of troublesome surface astigma-
tism as well as of other troublesome image defects of the front surface and of the
eye-side surface at different places, so that a vector addition leads to smaller
overall values. Furthermore, the image defects of the front surface and the eye-

side surface may cancel out at least partly.

The above expositions show that a progressive spectacle lens having two pro-
gressive surfaces has advantages when compared with a progressive spectacle
lens having only one progressive surface, even when the second surface of a
progressive spectacle lens having only one progressive surface has been spe-
cially computed to take into account the prescription values and, if necessary, to

compensate any image defects of the progressive surface.

On the other hand, many aberrations and therewith much discomfort of progres-
sive spectacle lenses can be avoided by means of an individual computation of a

progressive surface.

For progressive lenses having only one progressive surface, it is actually prior art
to add with optimization a progressive surface to a given surface, such as that of a
sphere or a torus, in such manner that, for example, a specifiable target function

defining the optical and geometric quality is minimized.
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An individual computation of at least cne progressive surface of a progressive
spectacle lens having two progressive surfaces which contribute to a power in-

crease has hitherto not been known.

However, such an individual computation would be of particular interest when in-
dividual spectacle lenses having two progressive surfaces and properties which
are superior to those of individually computed spectacle lenses having one pro-

gressive surface are to be fabricated.

In this case there is also an interest in computing spectacle lenses having two
progressive surfaces rapidly and, above all, in an automatic optimizing operation.

Description of the Invention

The invention is based on the object of providing a method for fabricating a double
progressive spectacle lens, which comprises particularly a representation and op-
timization of both surfaces of this spectacle lens and permits an individual com-
putation and fabrication of a spectacle lens having two progressive surfaces. In
particular, the invention is to permit an automatic computation of individual spec-

tacle lenses having two progressive surfaces.

An achievement of this object in accordance with the invention is set out in patent
claim 1. Further developments of the invention are the subject matter of the de-
pendent claims.

For a computation of double progressive spectacle lenses it would appear to be
obvious also to proceed in the same way as With conventional individually opti-
mized progressive spectacle lenses. In this case, to a given progressive surface
contributing only a certain part of the addition power of the spectacie lens, would
be added with optimization a second surface which would then provide the re-

mainder of the prescribed power increase and also, as may be needed, individual
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corrections — such as for astigmatism, orientation of the astigmatism axis, power
defects etc. In extreme cases the given surface might even contribute too much
to the addition power, and the other surface — added with optimization — would
then be a degressive surface, i.e. a surface making a contribution which would

reduce the overall addition power of the spectacle lens.

It is characteristic of this manner of proceeding that one of the two progressive
surfaces is kept constant or is predetermined, its coefficients are therefore not
varied during the optimization of the other surface. Thus all degrees of freedom
are associated with the surface to be varied. This manner of proceeding corre-
sponds ta the conventional manner of proceeding in which blanks are fabricated

“as stock”.

However, in accordance with the invention it has been realized that substantially
better optimization results can be obtained only when the front and the back sur-
face are optimized at the same time, i.e. when the coefficients of both surfaces
are simultaneously varied. In this case, the degrees of freedom of the front and

back surface can be made use of simultaneously.

This is contrary to the manner of proceeding of a person skilled in the art who is
working in the relevant field: he would actually not only adhere to the conven-
tional manner of proceeding in which blanks are fabricated, but he would also rep-
resent the front as well as the back surface as splines on two grids, i.e. the front
surface as a spline on a grid of the front surface, and the back surface as a spline

on a grid of the back surface, each with a separate coordinate system.

But then problems would arise during the optimization in a position of use, which
reside in the positions of the representation grids of the splines of the front and
back surfaces with respect to each other. One of these problems occurs at the
edge of each region to he optimized. Inside the edge of the spline grid the sur-
face is determined by the coefficients, but outside it is undetermined.
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At the beginning of the optimization — in the so-cailed starting condition - the grid
would, of course, be selected so that each principal ray passing through the cen-
ter of rotation of the eye and one of the assessment points on the back surface (or
the front surface) will penetrate the front surface {(or the back surface ) within the
grid region of the spline. Then the sagittal heights, normals to surfaces, and sur-
face curvatures on each surface will have valid values. However, during the opti-
mization the case may arise in which the sagittal heights and the surface normals
of one of the surfaces assume values at which the principal ray would penetrate
the other surface outside the grid, i.e. in an invalid region. This would lead to in-
valid values in the target function and render the optimization unnecessarily diffi-

cult.

A further problem occurring mainly at high powers is that with an assessment grid
held fixed on the back surface, the divergence of the principal rays between the
refracting surfaces during the optimization can become so large that on the front
surface whole portions of a partial grid remain without penetration points and are
therefore not assessed. The coefficients acting there may then be altered ac-
cording to the optimization method employed in a manner which significantly im-

pairs local optical properties.

General Description of the Invention

In accordance with the invention a method is provided in which (preferably) the
front surface is represented on the grid of the back surface. In principle, but not
preferred, the reverse manner of proceeding is also possible.

Each point on the front surface is described in terms of a corresponding point on
the back surface, which lies on a principal ray through the center of rotation of the
eye, and of the so-called oblique thickness along this principal ray. When a point
on the back surface having the radius vector rx(xz, y2) is given, then the corre-

sponding point ri{xz, y2) on the front surface can be calculated from
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1 2) = P2 3) =5 1) €003, (1) ()

The subscript 1 refers to the front surface, whilst the subscript 2 refers to the back

surface.

t is the unit vector of the principal ray between the two surfaces along the

direction of the light, and
D which is a scalar parameter, is the so-called oblique thickness.

The vector —d - t is directed from the point of penetration of the principal ray
through the back surface to the point of penetration through the front surface.

Thus, with this definition the front surface is only then given or defined when a
principal ray passing through the back surface exists or can be computed suc-
cessfully. The oblique thickness replaces the function of the front surface. The
oblique thickness is represented by splines. In a simultaneous optimization the
coefficients of the back surface are varied together with the coefficients of the

oblique thickness.

During optimization, at each optimization step an evaluation is made of the target
function to calculate the deviation of the properties of the actual lens from the
ideal concepts. To compute the properties of the spectacle lens, differential-
geometric parameters such as surface normals and curvatures at the points of
penetration of the principal rays through the surfaces are needed, the determina-

tion of which in turn requires partial differentiation.

A calculation of these parameters is known from the literature, so that it will not be

discussed in detail here.

In the representation used in the invention, the computation of the partial differen-

tials differs from the normal case, because the front surface is not represented as

-10-




usual in its own coordinate system K1 by the coordinates of the front surface x
and y, (such as by the radius vectors ri{xs, y1)), but in the coordinate system of
the back surface K2 by the coordinates x; and y»:

T (Xz, y2)

The partial differentials of the front surface with respect to the coordinates of the
back surface are obtained by a differentiation of (1):

ah_al‘z_ad.% da

ox, - ox, é;c: Xy

om _8r od - , 01

—_— - t—d-—

Ox, Ox, Ox, 0Ox,
6r|:6rz_6d.—;_d‘8t

0x, dx, dx, ox,
arlzarzﬁOd‘?_d.at

dx, Ox, O0x, ox,

g r _ 6 ra2  0d .';_ J 0t
0x, dx, o0x, 0x,

The differentials necessary for the computation of the surface properties of the
front surface are thus given. The differential-geometric parameters such as the
surface normal vector and the principal curvatures are then obtained as in the

standard case.

11-
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For creating a spectacle lens according to the method set out here, there are vari-

ous options:

One option relates to apportioning the addition power between the front and back
surface. Whilst in prior art the procedure is adopted of providing the front surface
with a surface addition power which exceeds the actually needed addition power,
and which of necessity renders the back surface “degressive”, in the invention it is
preferred for the surface addition powers to be apportioned either uniformly (with
a ratio of front surface to back surface of 50/50) or at the most with a ratio of
80/20 or at least with a ratio of 20/80. According to a proposal of prior art (John-
son & Johnson), this ratio would be, for example, 130/100.

Another option consists of apportioning the astigmatism between the front and the
back surface. For a prescribed astigmatism at least one of the two surfaces must
produce the astigmatic power. As a rule this is the back surface in prior art. In
accordance with the invention, not only the addition power but also the astigma-
tism may be apportioned as desired between the front and back surface.

For example, with a prescription of 2 dpt astigmatism it is conceivable to provide
the front surface with 4 dpt astigmatism which must then be compensated ac-
cordingly on the back surface with 2 dpt having the correct cylinder axis. In this
case the ratio of the surface astigmatism of the front and the back surface is 2.
But even with prescriptions of O astigmatism, a surface astigmatism can be intro-
duced “artificially”, e.g. 1.5 dpt on the front surface, which is then compensated by
1.5 dpt on the back surface. In this case the ratio of the surface astigmatism of

the front and the back surface is 1.

In a comparison with simple progressive spectacle lenses, the advantages of this
apportioning consist on the one hand of a reduction of weight resulting from the
reduction of the critical thickness by at least 10%, and on the other hand of a re-

duction of peripheral astigmatism of up to 30 % in a wearing position.

-12-
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Claims

10

1. Method for fabricating a double-progressive spectacle lens, which in par-

ticular comprises a representation and optimization of both surfaces of this spec-

tacle lens;

characterized by the following steps:

selecting a suitable coordinate system K2 for the representation of a
back surface;

selecting a suitable grid G for the representation of a spline of the
back surface of a starting lens to be optimized in a coordinate sys-
tem K2;

assigning sagittal height data of the back surface to a spline (back
surface spline);

defining a position of a center of rotation of an eye;

computing principal rays from the center of rotation of the eye
through the starting lens at grid points of G;

computing a length of a distance between points of penetration of a
thus computed principal ray through a front surface and the back
surface (obligue thickness);

assigning data of the oblique thickness (thickness spline) to a spline;
selecting a set of assessment positions at which an optical quality is
computed for a target function;

suitably selecting particular optical and geometrical stipulations -
which ideally should be satisfied at the assessment positions;
defining the target function as a deviation of the quality of an actual
spectacle lens from ideal values;

starting the optimization;

evaluating at each one of optimization steps the optical properties in
a wearing position at the assessment points by means of surface
properties to be computed and actual principal ray data;

-13-
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11

- ending the optimization when the target function is below a particular
value, or after a specifiable maximum number of optimization steps;
and

- fabricating a thus computed surface.

Method according to claim 1,

characterized in that the back surface is represented by a spline on a two-
dimensional grid in the coordinate system K2 of the back surface, and by

._>
radius vectors ry(xz, y2) to the grid points in K2, whilst the front surface is
represented in the same coordinate system K2 by a radius vector
e —> —
ri(Xz, Y2) = r2(X2, y2) — d(x2, y2) - 1 (x2, y2)
i.e. by a point on the back surface, and an oblique thickness d, represented

as a spline, along a principal-ray unit-vector t.

Method according to claim 1 or 2,
characterized in that spline coefficients of the back surface and spline coef-
ficients of the oblique thickness are simultaneously optimized in one opti-

mization method.

Method according to any one of claims 1 to 3,
characterized in that a two-dimensional grid on which the spline is repre-

sented may be equidistant or not equidistant.

Method according to any one of claims 1 to 4,

characterized in that coordinates are curvilinear coordinates.

14-
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10.

11.

12

Method according to any one of claims 1 to 5,
characterized in that surface power increase is apportioned to the front and
the back surface in a ratio between 80/20 and 20/80.

Method according to any one of claims 1 to 6,
characterized in that surface astigmatism is apportioned to the front and the

back surface in any desired ratio.

Method according to claim 7,
characterized in that the ratio of the surface astigmatism of the front sur-
face to that of the back surface is smaller than 4.

Method according to claim 7 or 8,
characterized in that the ratio of the surface astigmatism of the front sur-

face to that of the back surface is smaller than or equal to 1.

Double progressive spectacle lens according to any one of claims 1 to 9,
characterized in that it has been computed according to any one of claims
1t0 Q.

Spectacle lens according to claim 10,
characterized in that the addition power and/or the astigmatism is appor-

tioned to the front and/or the back surface.

-15-




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

